Abstract: Broccoli has a very good nutritive value, high antioxidant activity and pro-healthy potential. Freezing is one of best methods for vegetable storage and broccoli belongs to the group of vegetables subjected to this process on an industrial scale. This work investigates the effect of type of container: low density polyethylene (PE-LD) bags and oriented polystyrene (OPS) boxes on selected quality parameters in frozen broccoli. The experimental material was the broccoli cultivar Lord F1. The vegetable was subjected to blanching, freezing and 3-month storage. At the every stage of an experiment the material was examined in terms of: vitamin C content; β-carotene; total polyphenols; and antioxidant potential, which was determined basing on the ability to quench the ABTS˙+ free radical. It has been found that vegetables which were kept frozen for 3 months in two types of container had parallel levels of vitamin C, β-carotene; total polyphenols; and similar antioxidative potential.
Introduction
Brassicaceae (Brassicas earlier known as Cruciferae) is a plant family of a great economic significance, which comprises about 340 genera and 3700 species. Their major advantage is low costs of cultivation along with almost whole-year availability, particularly in periods characterized by a shortage of fresh vegetables. Therefore, they are recognized to be a crucial element in chemoprevention of cancer [1] [2] [3] .
The oxidative stress is an important mechanism in pathophysiology of several diseases. Nature has bestowed the human body with a complex web of antioxidant defense system including enzymatic antioxidants (glutathione peroxidase, glutathione reductase, catalase and superoxide dismutase) as well as non-enzymatic antioxidants (thiol antioxidants, melatonin, coenzyme Q, and metal chelating proteins), which are efficient enough to fight against excessive free radicals. Also, nutrient antioxidants such as vitamin C, vitamin E, carotenoids, polyphenols or trace elements are known to have high antioxidant potential to assist in minimizing harmful effects of reactive species. Antioxidants protect plants against unfavourable environmental factors and enhance their ability to adapt to varying environmental conditions through, among other, increased synthesis of polyphenols. Provided in a daily diet to the human organism they inhibit ageing and reduce the risk of several diseases [4] .
Brassicas contain numerous biologically active substances such as, i.a., vitamins C and E, carotenoids, polyphenols, and glucosinolates, presence of which determine their anti-inflammatory and antimutagenic properties and affect expression of gene responsible for cell proliferation in the development of cancer through modulation of cell redox homeostasis [3, 5, 6] . Some of polyphenol groups show anti-inflammatory, anti-allergic, anti-clotting, anti-virus, and anti-cancerogenic properties [7, 8] .
Vitamin C is an essential nutrient with important antioxidant properties. In the organism, vitamin C is a fundamental element of the defence line against the oxidative stress. It normalizes superoxide dismutase and catalase gene expression and inhibits disulphur isomerase gene expression, the latter being responsible for the enhanced growth of vascular smooth muscles. In such cells, the vitamin reduces elastin content at the level of transcription. Moreover, vitamin C reduces expression of the adhesion molecules in monocytes; shows cytoprotective activity inducing Bcl-2 gene expression; and in the case of patients suffering from hypertension and diabetes, improves function of endothelium in coronary vessels and the brachial artery [9, 10] . Vitamin C is absorbed from the small intestine in humans, achieving peak plasma vitamin C concentrations approximately 120-180 minutes after ingestion. After absorption, because vitamin C is water soluble, it is distributed from blood throughout the extracellular space. A high vitamin C level in the consumed food can also contribute to enlarged excretion of cations with urine, including also heavy metals cations [11] .
Carotenoids remain a fascinating group of natural pigments. Not only are they responsible for a broad array of coloration in nature, but, more importantly, they have key functional roles in biology. Carotenoids exhibit broad-spectrum antioxidant activity since they are classified to both preventive and interventional antioxidants. Beta-carotene is crucial for the following processes: the process of vision; formation of epithelium; tissue growth; maintaining stability of the epithelium cells; synthesis of adrenocortical hormones; tyrosine secretion from the thyroid gland; maintaining layers around a neuron in proper condition; immunological reactions; erythrocyte formation; and in cancer prevention since it inactivates free radicals through the transfer of electrons or forming adducts with them [12] .
Glucosinolates are secondary plant metabolites found in the family Brassicaceae. Several epidemiological and pharmacological studies have demonstrated that dietary glucosinolates and their breakdown products may reduce the risk of carcinogenesis and particular human diseases. Glucosinolates are relatively biologically inert glucosides; however, their hydrolysis by myrosinase (b-thioglucosidase) enzymes after chopping vegetables, chewing of raw vegetables or insect attack leads to the conversion of biologically active compounds. Isothiocyanates and indoles are characterized by serious pro-health properties [13] . These substances can affect excretion or neutralization of carcinogenic or mutagenic factors through inducing enzyme systems from the phases I and II of xenobiotic metabolism and, consequently, inhibit DNA methylation and development of tumors. In the phase I, the products of GLS hydrolysis can activate or inhibit mono-oxygenases catalysing a number of redox processes; whereas, in the phase II of detoxification, in which associations are formed between xenobiotic metabolites and endogenous substances to excrete them from the organism, they can enhance transferase activity [14, 15] .
The weakness of vegetables is their seasonal availability and fact that they are perishable. In view of the above, food technology is focused on discovering and establishing the methods of storage, which will least affect their chemical composition. Broccoli belongs to the group of vegetables subjected to freezing process on an industrial scale.
The aim of this work was to reveal changes in vitamin C, β-carotene, total polyphenols and antioxidant activity occurring in the cultivar Lord F1 of broccoli (Brassica oleracea L. var. italica) during blanching, freezing and frozen storage for the three successive months in two types of container: PE-LD bags with the zipper closure and sealed OPS food boxes. Overall, this study were undertaken to broaden knowledge on health-promoting properties of broccoli, particularly in terms of the following indicators: vitamin C, β-carotene, total polyphenols and antioxidant activity. In addition, the results should help to choose the container, which will be the most suitable for the frozen storage of broccoli.
Materials and methods

Material
The experimental material was the broccoli (Brassica oleracea l. var. italica) cultivar Lord F1 , which was purchased in five direct sale markets located in Krakow (Poland). The broccoli examined derived from the Autumn harvest. Its pre-processing included the following operations: rejection of leaves, washing, and dividing into roses 4-6 cm in diameter and 5 cm in length. The process of blanching was carried out in water at 92-98 °C for 2-3 min. After blanching, the material was chilled and dried at room temperature for about 20 min. Afterwards, the material was divided by half and packed in two types of container: half of the samples in the low density polyethylene (PE-LD) bags with the zipper closure (0.915-0.935 g/cm 3 in density and 230 × 320 mm in size); and the remainder in the sealed oriented polystyrene (OPS) boxes (216 × 176 × 75 mm in size and 1.05 g/cm 3 in density). Next, the samples were sealed hermetically and kept at -22 °C in a Liebherr GTS 3612 chamber freezer (Germany). Analyses were carried out on the raw material, the material blanched, and the frozen product. Frozen samples were analyzed after 24 hours as well as after one, two and three months of frozen storage.
Analytical methods
The experimental material taken from every container (on average: 3 roses differing in diameter -from the smallest up to the largest) was homogenized using a homogenizer (CAT type X 120) in order to obtain a mean representative sample and next was used to prepare methanol extracts (5 g of raw vegetables in 80 cm 3 of 70 % methanol solution). In each case, fresh plant materials were extracted by shaking (Elpan, water bath shaker type 357) at room temperature for 2 hours, and solution was centrifuged (Centrifuge type MPW-340), filtered and then the extracts were stored at -22 °C [16] .
The samples were analyzed in terms of vitamin C content (as a sum of ascorbic and dehydroascorbic acids) and β-carotene content using column chromatography. The content of vitamin C was determined as the sum of ascorbic acid and dehydroascorbic acid using 2,6-dichlorophenoloindophenol according to PN-A-04019:1998 [17] . Oxalic acid solution was used for extraction of the ascorbic acid.
β-carotene analysis consisted of the extraction procedures of pigment, followed by liquid/liquid partitioning with hexane, concentration and column chromatography according to PN-90/A-75101/12 [18] . The extract was loaded onto the columns (150 · 10 mm, packed with aluminium oxide to a length of 100 mm and covered with a 10 mm of anhydrous sodium sulphite) and then were washed with hexane containing 1 % acetone. The orange-coloured eluent containing β-carotene was collected to a volumetric flask. The concentration of β-carotene was measured at 450 nm in a RayLeigh UV-1800 spectrophotometer and compared with a β-carotene reference standard.
Simultaneously, 70 % methanol extracts has been prepared to determine: total polyphenols (calculated per chlorogenic acid) -through the colorimetric measurement of colourful substances formed due to the reaction between phenolic compounds and a Folin-Ciocalteau reagent (Sigma) [19] and to determine antioxidant activity based on the ABTS˙+ free radical scavenging ability -by a colorimetric assessment of an amount of the ABTS˙+ free radical solution, which had not been reduced by the antioxidant present in the products examined [20] .
The content of total phenols in the extracts was determined spectrometrically (at a wavelength of 760 nm using a RayLeigh UV-1800 spectrophotometer) according to the Folin-Ciocalteu procedure and calculated as chlorogenic acid equivalents (CGA) (in terms of milligrams) per 100 g of fresh or dry weight, based on a standard curve.
The method involved colorimetric determination of the amount of the colored solution of ABTS˙+ free radical (2, 2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) which was reduced by the antioxidants present in the test product. The absorbance was measured at a wavelength of 734 nm using a RayLeigh UV-1800 spectrophotometer. Values obtained for each sample were compared to the concentration-response curve of the standard trolox solution and expressed as micromoles of Trolox equivalent per gram of fresh or dry weight (TEAC).
Statistical analysis
All analyses were carried out in three parallel replications and mean ±SD were calculated for the values obtained. In the investigated broccoli cultivar, the significance of differences between vitamin C content, β-carotene content, total polyphenols as well as ability to scavenge the ABTS˙+ free radical and the processes applied (blanching, freezing, frozen storage) as well as a type of the container used, was established using single-and two-factor analysis of variance. By the use of one-way analysis of variance, the significance of differences were checked between mean values of: (1) raw and blanched, (2) stored in two different types of packaging, (3) different storage time. Two-way analysis of variance was used to demonstrate the significance of differences between the values of the evaluated parameters for blanched vegetables, frozen and frozen stored, depending on the type of packaging and time of frozen storage. The significance of differences was estimated with Duncan test at the critical significance level of p < 0.05.
Results and discussion
Vitamin C
As the dry matter content in the vegetable varies depending on the process applied and the container used, all the results presented below along with conclusions have been discussed basing on the results calculated per the dry matter unit.
It has been revealed that blanching resulted in a 30.2 % fall in the level of vitamin C in the broccoli examined compared to the fresh vegetable, the fall being statistically significant p < 0.05) ( Table 1) . As a result of freezing, a 28.1 % statistically significant (p < 0.05) decrease in vitamin C content was noted only in the case of the broccoli stored in OPS boxes, when compared to the blanched vegetable (Table 2) . The values denoted with the same small or capital letters do not differ statistically significantly at p < 0.05 1 Values are presented as mean value ± standard deviation (n = 3)
After 1 month of frozen storage of broccoli in OPS boxes, successive and statistically significant (p < 0.05) falls in vitamin C content of 30.3 % were noted, compared to the blanched vegetable. After 2-month and 3-month periods of frozen storage, further losses (statistically significant, p < 0.05) in this constituent were recorded for both the broccoli stored in OPS containers and those kept in PE-LD bags and compared with the blanched vegetable were respectively: 53.2 and 82.2 %: for the product stored in OPS boxes; and 24.1 and 48.5 %: for the broccoli kept in PE-LD bags.
It has been proved that type of the container used had no significant effect (p > 0.05) on the level of vitamin C in the vegetable investigated (Table 2 ).
In Brassicas vitamin C is associated with the products of glucosinolate breakdown paths, for example, glucobrassicin and neo-glucobrassicin [21] . In the present work, the raw broccoli contained 95.4 mg vitamin C per 100 g fresh vegetable, which agrees with the findings reported by Howard et al. [22] and Kurilich et al. [23] ; whereas, in Singh's et al. [24] estimation, the mean value of this constituent was at the level 52.9 mg/100 g fresh vegetable. Sikora et al. [25] found that broccoli had 66.4 mg vitamin C/100 g fresh vegetable. Other authors reported lower amounts of vitamin C in fresh broccoli than these obtained in this work [26, 27] . Kurilich et al. [23] and Vallejo et al. [28] , who examined 50 various broccoli cultivars originated from USA and 14 from Spain, found that vitamin C content fluctuated between 55.3 and 119.8 mg/100 g fresh vegetable in American cultivars and 43.2 and 146.3 mg/100 g fresh vegetable in Spanish cultivars. According to the literature, vitamin C content in the vegetable investigated may be affected by numerous factors such as vegetable cultivar, agro-technical and climatic conditions, length of maturity, exposure to the sun, enzymatic activity, fertilization, and environment pollution [25, 29] .
Technological treatments, i.a., blanching, proceeded by preliminary processing (washing, peeling, comminuting) may lead to considerable losses in antioxidants, mainly in vitamin C content. The extent of such losses depends on the temperature applied and length of its application as well as the degree of product comminuting [25] . In the present work, vitamin C content decreased by about 30 % due to blanching, which is not in agreement with the findings of Cai et al. [27] , who noted that the content of vitamin C in blanched broccoli florets remained and the same level as in the fresh vegetable. Conditions under which blanching is conducted along with the vegetable cultivar have a substantial effect on the later composition of the product. Amin et al. [30] estimated the percentage losses in this constituent after such thermal processing at 18-49 % that also corresponds with our results. The similar value was also reported by Severini et al. [31] , while Volden et al. [32] , reported losses within the range 19-26 % in the same vegetable from Brassicas, compared to the fresh vegetable.
Gonzalez-Hidalgo et al. [33] found that immediately after freezing broccoli, changes in the level of the constituent examined were statistically significant that has been confirmed by the results obtained in this work but only with respect to the experimental material stored in OPS boxes. In the case of broccoli kept in PE-LD bags for 24 hours retention was instatistically significant. Compared to the product stored in OPS boxes, the vegetable stored in PE-LD bags exhibited lower losses in this constituent that could result from better impermeability of such bags, which better limit the access of oxygen and hence the process of constituents' oxidation occurring in the stored experimental material. However, Li et al. [26] noted no statistically significant differences for vitamin C compared to the fresh material. In the broccoli investigated in this paper, a continuous decline in the level of vitamin C (on average of 65.5 %) was observed throughout a period of frozen storage period, when compared to the blanched material. A considerable reduction in nutrients and vitamin C during storage of the frozen product could have resulted from insufficient inactivation of oxidoreductive enzymes during the process of blanching. Efficacious inactivation of peroxydases during blanching can lead to higher vitamin content in the vegetable having undergone frozen storage. Properly-conducted blanching is a fundamental technological operation prior to the period of frozen storage; however, attention should be paid to the process parameters as well as the length of this operation [34] . In addition, ice crystals formed during freezing can contribute to the vitamin C reduction damaging the vegetable tissue. The other factor may be temperature fluctuation, which make greater losses in this vitamin by enhancing the loss-in-weight phenomenon [35] .
β-carotene
There were no significant changes (p > 0.05) due to blanching in the levels of β-carotene, compared to the raw broccoli (Table 1) .
With regard to the vegetable stored in OPS boxes, the process of freezing resulted in a 10.3 % reduction in the constituent examined compared to the blanched vegetable and this reduction was statistically significant (p < 0.05) ( Table 3 ). The successive statistically significant (p ≤ 0.05) losses in this constituent in broccoli stored in OPS container and PE-LD bags, compared with the blanched vegetable, were respectively: 14.9 and 12.1 %: after 1-month storage; 22.7 and 20.4 %: after 2-month storage; and 24.5 and ~22.3 %: after 3-month storage.
A type of the container used was not found to have a significant effect (p > 0.05) on the level of β-carotene in the vegetable investigated (Table 3) . The results obtained in this work on β-carotene content are within the broad range established by Singh et al. [24] . The content of β-carotene determined by the authors mentioned ranged in 480-1130 μg/100 g f.m. of the product; whereas, according to Holden et al. [36] it was 780 μg/100 g edible part. This constituent was to a large extent affected by the vegetable cultivar, climate and weather conditions, and a method of cultivation, among other factors.
The work presented here proved that there were no significant losses in the level of this constituent due to blanching but only a decrease of 2.1 %, which agrees with the finding reported by Cai et al. [27] . This phenomenon was explained by Khachik et al. [37] by the location of β-carotene in the cell's chloroplasts that assures thermal protection and prevents against its greater losses.
Cai et al. [27] reported an increase (about 21 %) of β-carotene in broccoli during frozen storage compared to the raw and blanched material. In the study of Alanís-Garza et al. [38] broccoli subjected to industrial freezing showed higher levels of total carotenoids (~60-300 % higher) as compared with fresh broccoli. The authors suggest that bioactive compounds in frozen broccoli would be more bioavailable than in raw. In this work the final mean losses after 3 months of frozen storage were 21 %. According to Howard et al. [22] , vegetables having undergone fast freezing immediately after harvest retained above 70 % of this constituent after one-year frozen storage. Studies of Kmiecik and Lisiewska [39] revealed that freezing of unblanched spring onion resulted in a 17 % decrease in β-carotene; whereas, the losses due to freezing the blanched material were 10-13 % compared to the fresh vegetable. According to these authors, 12-month frozen storage of the unblanched spring onion led to particularly high losses in β-carotene of 56 % at -20 ºC and 32 % at -30 ºC, when compared to its level immediately after freezing. Frozen storage of tomatoes at -20 and -30 ºC caused decreases in this constituent of respectively: 21 and 7 %: after 6 -month storage; and 36 and 17 %: after 12-month storage, as was reported by Lisiewska and Kmiecik [40] . Losses in β-carotene during freezing parsley leaves reported by these authors in their previous studies were 27 % in the unblanched material, while in the blanched material this constituent was in trace amounts. According to these authors, during frozen storage at different temperatures, i.e., -20 and -30 °C, the greatest losses of β-carotene were found in the unblanched material stored at -20 °C [41] . Throughout frozen storage of the blanched dill, the level of this provitamin remained unchanged until 12 th month [42] . Insignificant losses of β-carotene in spinach after 12-month frozen storage were also observed by Jaworska and Kmiecik [43] . According to the findings of Jaworska and Kmiecik [43] , the losses of this constituent were the lowest in blanched vegetables which were frozen-stored at -30 °C, since blanched and frozen-stored vegetables, among others, spinach, spring onion and selected parts of beetroot contained of 12-13 % more β-carotene than the material unblanched.
Total polyphenols
There were no significant changes (p > 0.05) due to blanching in the levels of total polyphenols, compared to the raw broccoli (Table 1) .
Both freezing and 1 month's frozen storage of the examined material, led to significant (p < 0.05) decreases in these substances in the broccoli kept in OPS boxes and in PE-LD bags of ~27.5 and ~19.5 %, respectively (Table 4) . After 2 and 3 month's frozen storage, there were no statistically significant (p > 0.05) changes in total polyphenols compared to the blanched vegetables. The effect of the container type on the level of total polyphenols in the vegetable examined was not statistically significant (p > 0.05) ( Table 4) . The values denoted with the same small or capital letters do not differ statistically significantly at p < 0.05 1 Values are presented as mean value ± standard deviation (n = 3)
The results obtained in this work for total polyphenols correspond to those reported by some authors, for example, Patras et al. [44] , Turkmen et al. [45] , or Singh et al. [24] ; although, according to the findings of Sikora et al. [25] the level of total polyphenols was 289 mg/100 g f.m. of the vegetable that was almost twice the content of these constituents determined in the present study (151.9 mg CGA per 100 g fresh vegetable). Any comparison between the results obtained in other experiments would be problematic in view of the wide range of possibilities for choosing parameters of extraction and various methods of polyphenols' determination. Moreover, the extractants used have various composition and pH; the process of extraction may be conducted at various temperatures and for a different time; and the proportion of plant material to the solvent may also vary. Furthermore, the differences between the results obtained by various researchers may also result from the experimental material alone. Chemical composition of the fresh vegetables depends on many factors, among other, agrotechnical conditions and cultivar. A large discrepancy in the level of this constituent due to the aforementioned factors causes that they may vary from the mean value in the range of -50 to +175 % [7, 8] .
In this work, blanching reduced the level of total polyphenols. A decrease reported by Sikora et al. [25] was approx. 14 %, that is 5 % more than in the material analyzed in this paper. Lima et al. [46] claims that migration of polyphenols to water is one of reasons for a decline in their concentration. According to Cai et al. [27] , the process of blanching leads to inreases in total polyphenol content in the broccoli of 25.9 %. Heating the raw material in water causes that heat permeates relatively quickly into the tissue interior. As a result, the whole volume of the product undergoing processing is longer exposed to the temperature that in turn leads to high losses in antioxidants. Blanching results in losses of constituents but on the other hand the process affects inactivation of the enzymes responsible for the decomposition of natural antioxidants, which was highlighted by Barrett et al. [47] . Therefore, this process is essential since vegetables and fruits which were earlier subjected to blanching retain to a greater extent their antioxidant activity throughout storage.
According to some authors [25, 48] , the freezing itself is responsible for higher losses in total polyphenols (30-40 %) than those found in the present work. In the study of Gonzalez-Hidalgo et al. [34] the losses of phenolic compound after industrial freezing reached about 57 % in comparison to blanched vegetable. In the case of the broccoli cultivar Lord F1 , the material stored in both OPS boxes and PE-LD bags contained much more total polyphenols. However, in this experiment, the length of freezing was shorter twice (24 hours); temperature was lower (-22 ºC); and the results were calculated per chlorogenic acid, which can have an effect on the discrepancy in the results.
In this study the decrease in total polyphenols was continuing by the second month of research; next the level of these constituents increased substantially to be continued at high level, near the level in the blanched material, until the end of a study period. An increase in the level of these constituents to the value even exceeding the initial value has also been confirmed by Kaluzewicz et al. [49] and Kim et al. [50] ; however, an increase noted in this research did not exceeded the level determined in the fresh vegetable. As Hakkinen and Torronen [51] claim, throughout several months of storage of strawberries, both an increase and a decrease in total polyphenols were possible. They stated that an increase in total polyphenols in the products examined could be attributed to the physiological response of the plant organism to infections or injuries resulting in the release of such substances. Furthermore, the method used to determine the content of total polyphenols may also have an effect on the results obtained, since the Folina-Ciocalteu reagent can also react with other constituents such as sugars, ascorbic acid, proteins, amino acids, as well as cuprum and iron ions [52] .
Antioxidant activity
As in the case of β-carotene and total polyphenols, the changes observed in antioxidant activity due to this process were also insignificant (p > 0.05) in comparison with the raw material ( Table 1) . A statistically significant (p < 0.05) reduction in antioxidant activity compared to the blanched material was observed due to freezing and 1 month's storage and the losses were respectively: ~16.9 % in the vegetables stored in OPS boxes; and ~5.6 % in those kept in PE-LD bags (Table 5 ). After 2 and 3 month of frozen storage, changes in antioxidant activity were not statistically significant (p > 0.05) compared to the blanched vegetables. At the same time, there were no statistically significant (p > 0.05) changes in antioxidant activity between vegetables stored in two different containers (Table 5) .
Antioxidant activity in the broccoli cultivar Sebastian reported by Sikora et al. [25] (26.2 μmol Trolox /1 g fresh vegetable) was almost three times higher than that determined in this work (8.9 μmol Trolox/1 g fresh vegetable). The results obtained by Bahorun et al. [53] and Cao et al. [54] were slightly lower than those received in this study; however, the latter applied a different analytical method. On the other hand, the level of antioxidant activity detected by Murcia et al. [55] (1.8 μmol Trolox/1 g f.m.) corresponded to the results found in this work. The differences observed between values of antioxidant activity once again confirm the fact that chemical composition of broccoli as well as cultivation conditions plays an important role in modelling its chemical composition. It is worthwhile to mention here that the values calculated may differ depending on the analytical method used (ABTS, DPPH, FRAP, ORAC, and so on), the measuring devices applied, as well as a manner of expressing antioxidant potential (as the percentage of free radical scavenging or as the Trolox equivalent) [26] .
Changes in antioxidant activity in vegetables throughout their storage are associated with those occurring in the levels of constituents showing antioxidant properties (particularly in vitamin C and total polyphenols) as well as with the fact that they interact mutually [56] . The production of reactive oxygen species (ROS) is normally carefully controlled by the plants, which possess specific antioxidant enzymes such as peroxidase, catalase and superoxide dismutase and low-molecular weight antioxidants like ascorbate, glutathione, tocopherols, flavonoids and carotenoids. Imbalance between the formation of ROS and action of a protective antioxidant system leads to oxidative stress, especially when plants are exposed to abiotic stress [57] .
In comparison with the raw vegetable, the process of blanching caused only a slight decrease (of 2.1 %) in antioxidant activity in the broccoli investigated, which agrees with the findings of Sikora et al. [25] and Gonzalez-Hidalgo et al. [33] . Antioxidant activity determined by Cai et al. [30] in the extract of blanched cauliflower was higher of ~23.4 %. On the other hand Volden et al. [34] observed that a fall in this parameter ranged in 10-31%. A decline in antioxidant activity was also observed by Radosevic et al. [58] . Amin et al. [31] maintain that blanching may cause even 50 % decrease in antioxidant activity.
According to Sikora et al. [25] , antioxidant activity determined in vegetables immediately after freezing is similar to that after blanching. Murcia et al. [55] , after 24 hour storage, reported anthocyanin activity losses of 1.6 %, which compared to our results (~12.6 %) were lower. It should be emphasised however that the vegetable examined by those authors was not blanched that probably reduced losses in antioxidants and allowed this parameter to be maintained at high level. Gonzalez-Hidalgo et al. [33] reported that after frozen storage the antioxidant activity of broccoli was similar in comparison to blanched and fresh vegetable, although this was not confirmed by the results obtained in this work. In this research, an increase in this parameter in frozen broccoli was noted: after two months: for the broccoli stored in OPS boxes; and after one month: for the product kept in PE-LD bags. Leja et al. [59] , who examined white cabbage, also reported that after several months of frozen storage, its capability to scavenge free radicals increased. This was additionally confirmed by the findings of Starzynska et al. [60] , who registered such an increase in broccoli, however stored at room temperature. Both high and low temperature may be a factor inducing oxidative changes in the plant material. Moreover, the aforementioned authors observed a rise in enzymatic activity in frozen-stored broccoli with respect to such enzymes like superoxide dismutase, catalase or peroxidase. Good free radical scavenging ability demonstrated by broccoli may probably be attributed to the fact that one of their main polyphenol compound is quercetin recognized as a very good scavenger of the ABTS
•+ cation radicals [61] . As Frati et al. [62] showed, freezing of broccoli resulted in loss of 50.0 % of antioxidant activity. Despite this, the authors reported that frozen vegetables are stable 24 months under optimal sanitary conditions and represent a good alternative to fresh products.
Conclusions
Numerous epidemiological and pharmacological studies have revealed that the diet rich in Brassica vegetables may play an important role in the protection of many chronic diseases. In most cases Brassicas are not eaten immediately after being harvested, hence storage and cooking impact upon health beneficial components. Processing of Brassica vegetables has complex influences on the food matrix affecting the level of many ingredients. Freezing is one of the simplest, fastest as well as the most universal and convenient ways of preserving food.
After 3 months of frozen storage of vegetables packed in PE-LD bags and OPS containers, mean losses in the constituents examined were: ~65.3 % in vitamin C (decrease); ~23.4 % in β-carotene (decrease); ~3.4 % in total polyphenols (increase); and 2.6 % in antioxidant potential (increase).
In this study was observed no change in total polyphenols content and antioxidant activity after frozen stored of broccoli in comparison to blanched vegetables. These results confirm the positive effect of the freezing process on maintaining the health quality of vegetables. A type of the container used did not affect significance of differences in terms of vitamin C content, β-carotene content, total polyphenol content, and antioxidant potential of frozen-stored broccoli stored in such containers. It is therefore an incentive to further search for packaging materials for storing frozen vegetables.
